Intrauterine growth restriction and shallower implantation site in rats with maternal hyperinsulinemia are associated with altered NOS expression.
Nitric oxide synthase (NOS) plays an important role in hypertensive disorders of pregnancy. In the context of the known association between hyperinsulinemia and hypertension, we studied the expression of the 3 isoforms of NOS (neuronal-nNOS, inducible-iNOS, and endothelial-eNOS) in the placenta and implantation site of our insulin-induced intrauterine growth restriction (IUGR) rat model in which the normal gestational blood pressure decline is abrogated. The fetuses of hyperinsulinemic dams were significantly smaller than those of normal pregnant dams (male fetal weight=4.8+/-0.5 g vs. 5.4+/-0.4 g, hyperinsulinemic vs. control, respectively; female fetal weight=4.5+/-0.5 g vs. 5.1+/-0.4 g, hyperinsulinemic vs control, respectively, p<0.0001). Their placentas weighed less than those of normal pregnant dams (0.44+/-0.08 g in hyperinsulinemic dams vs. 0.50+/-0.09 g, p<0.0001) and their implantation site, designated the mesometrial triangle, was also smaller. Endovascular trophoblasts were found more often and in greater depth in normal pregnant dams. Possibly as a compensatory mechanism, the endovascular trophoblasts formed cell groups rather than a monolayer and occupied a larger portion of the arterial perimeter in arteries of hyperinsulinemic dams. iNOS expression increased by 80% (p<0.0001) and 180% (p=0.045) in placenta and mesometrial triangle of hyperinsulinemic dams, respectively. The expression of eNOS was reduced by 17% (p=0.048) in the placenta and did not change significantly in the mesometrial triangle (p>0.05). nNOS expression was decreased by 37% (p=0.03) in the placenta and increased by 53% (p=0.035) in the mesometrial triangle of hyperinsulinemic dams. Immunohistochemistry revealed prominent expression of iNOS in the placental junctional zone and in interstitial and endovascular trophoblasts in the mesometrial triangle. Assuming a role in trophoblastic invasion, the increased expression of iNOS in hyperinsulinemic dams explains the "compensatory" pattern of trophoblastic invasion. Expression of eNOS was prominent in endothelial cells and weak in endovascular trophoblasts. In our model of gestational hyperinsulinemia-induced IUGR, we found not only differing expression of the 3 NOS isoforms in the cellular elements of the placenta and mesometrial triangle, but also divergent modes of altered NOS isoform expression. These findings suggest, in accordance with other publications, that each isoform may have a distinct function in the placenta and placental bed. The differing expression of the 3 NOS isoforms in the placenta and in the mesometrial triangle in rat IUGR seems to result from the hyperinsulinemia and the resulting IUGR phenotype.